INTRODUCTION {#sec1-1}
============

Intraventricular hemorrhage (IVH) in the subependymal germinal matrix layer is the most common type of neonatal IVH. It is characteristically observed in premature infants,\[[@ref6]\] and the younger the gestational age, the more often it occurs.\[[@ref10]\] IVH is very rarely reported in full-term neonates. However, it may occur in these children with various clinical conditions, and is mostly related to perinatal trauma, asphyxia, and coagulation disorders.\[[@ref5][@ref9]\] Often, IVH in full-term neonates originates in the choroid plexus and residual subependymal germinal matrix layer.\[[@ref6][@ref10]\]

Here, we report the case of a full-term baby with IVH, which possibly extend from a subdural hemorrhage (SDH) in the infratentorial area via a perforated suprapineal recessus.

CASE REPORT {#sec1-2}
===========

A full-term (37 weeks and 4 days) baby girl was born in good general condition by vaginal delivery. Her 22-year-old mother (gravida 1, para 1) experienced an unremarkable pregnancy, apart from testing positive for chlamydia antibody at 28 weeks, for which she received azithromycin. The girl\'s birth weight was 2862 g, length 48 cm, head circumference 33 cm, and Apgar score 9/10. Thirty minutes after her birth, sporadic ventricular premature contractions were frequently observed. She started breastfeeding 8 hours after birth, and she vomited a couple of times. She developed apneic attacks during the night. Subsequently, generalized seizure was observed in the morning of the next day and she was transferred to our hospital.

On arrival, the girl was not very active. There were no trauma-related lesions, including cephalohematoma, on her outer surface. Her seizure was controlled using intravenous administration of phenobarbital. Peripheral blood count and coagulation tests, including prothrombin time and activated partial thromboplastin time, were within normal limits. Ultrasound imaging of her head showed a high echoic lesion in the lateral ventricles. Axial computed tomographic (CT) images revealed IVH in the bilateral lateral ventricles, the 3^rd^ ventricle and the 4^th^ ventricle. However, SDH with subarachnoid hemorrhage (SAH) was barely visible compared with the IVH \[[Figure 1a](#F1){ref-type="fig"}\]. Nonetheless, mid-sagittal views clearly demonstrated SDH with SAH in the infratentorial area and the tentorial incisura, which was seen to be connected to the IVH in the 3^rd^ ventricle via the superior pineal recessus \[[Figure 1b](#F1){ref-type="fig"}\]. The density of the IVH was more intense than that of SDH.

![Computed tomographic (CT) scan on day 1 after birth. (a) Axial images revealing intraventricular hemorrhage (IVH) in the lateral ventricles, the 3^rd^ ventricle, and the 4^th^ ventricle. Compared with the IVH, the subdural hemorrhage (SDH) in the infratentorial space and tentorial incisura (white arrows), and the hematoma in the suprapineal recessus (white dotted arrow) are barely visible. (b) Mid-sagittal views. The quadrigeminal cistern in the tentorial incisura (white arrows) is seem to be connected to the IVH in the third ventricle via the suprapineal recessus (white dotted arrow)](SNI-8-266-g001){#F1}

Because her fontanel was not tense and general conditions were good, conservative therapy for the intracranial hemorrhage was selected. Although protein C activity was slightly decreased (probably due to her intracranial hemorrhage), protein S activity, antithrombin III, and factor XIII were within normal limits.

Around day 13 after birth, the girl\'s head circumference had gradually increased in size. On day 18, magnetic resonance (MR) images showed marked enlargement of the entire ventricular system \[[Figure 2a](#F2){ref-type="fig"}\]. Although most of the IVH was resolved \[[Figure 2a](#F2){ref-type="fig"}\], the infratentorial SDH persisted \[[Figure 2b](#F2){ref-type="fig"}\]. The 3D heavily T2-weighted imaging (3D-hT2WI) showed internal cerebral veins (ICVs) visualized as a linear signal void at the roof of the 3^rd^ ventricle and an enlarged suprapineal recessus \[[Figure 2c](#F2){ref-type="fig"}\]. MR venography revealed an intact Galenic venous system, including ICVs. T2\*-weighted imaging and MR angiography failed to reveal the causative bleeding point, which included the subependymal layer and the choroid plexus.

![Magnetic resonance (MR) images on day 18 after birth. (a) Axial and (b) sagittal views of T1-weighted images show marked enlargement of the ventricular system. The infratentorial SDH persists (white arrows), while most of the IVH is resolved. (c) Sagittal heavily T2-weighted images show an enlarged suprapineal recessus (white dotted arrow), which appears to extend into the infratentorial SDH (white arrows). Internal cerebral veins (ICVs) are depicted as a linear signal void at the roof of the third ventricle and the suprapineal recessus (white arrow heads)](SNI-8-266-g002){#F2}

On Day 19, the girl underwent a ventricle-peritoneal (VP) shunt through the right anterior horn. Her postoperative course was uneventful and her development corresponded to her age.

DISCUSSION {#sec1-3}
==========

In this full-term baby, without coagulation disorders, both massive IVH and infratentorial SDH was observed at first CT scan. Although most of the IVH was resolved, infratentorial SDH persisted at follow-up MRI. However, the causative bleeding spot of the IVH was not noted. These findings might indicate that the SDH was the primary hemorrhagic site and the IVH was an extension of the infratentorial SDH.

The most common etiology of infratentorial SDH is disruption of the tentorium or falx with tearing of the bridging veins due to mechanical compression and distortion of the head during birth.\[[@ref4][@ref11]\] Massive SDH may also occur after dural sinus and rupture of the Galenic venous system. Because infratentorial SDH in term infants is frequently associated with breech delivery, use of forceps, and prolonged labor with cranial melding, infratentorial SDH has been considered to be a traumatic lesion related to difficult parturition.\[[@ref2][@ref3][@ref4][@ref7][@ref11]\] However, recent studies using modern neuroimaging techniques have concluded that the presence of SDH is not necessarily indicative of excessive birth trauma and may occur as the sequela of an otherwise uncomplicated delivery.\[[@ref1][@ref2][@ref3][@ref12]\] Nonetheless, one should be alert to possible underlying causes, including coagulation abnormalities.\[[@ref1][@ref2]\] Because neither difficult parturition nor coagulation abnormalities were observed, the present case could be diagnosed as a "spontaneous" infratentorial SDH. MR venography and 3D-hT2WI did not show any rupture of the Galenic venous system, therefore, the possible causative bleeding spot was injury of the bridging cerebellar veins.

Spontaneous SDH located in the infratentorial region is difficult to see on axial CT scans, since the axial plane is not completely parallel to the tentorium, and it can therefore be overlooked.\[[@ref12]\] In our case, from the axial view, the infratentorial SDH was barely visible, while the massive IVH was clearly visible. However, mid-sagittal views clearly demonstrated that the infratentorial SDH could be connected to the IVH in the 3^rd^ ventricle via the superior pineal recessus \[[Figure 1b](#F1){ref-type="fig"}\]. The suprapineal recessus projects posteriorly between the upper surface of the pineal gland and the lower layer of the tela choroidea in the roof of the 3^rd^ ventricle.\[[@ref8]\] The ependymal tissue of the suprapineal recessus is thought to be thin in neonates. Thus, it is reasonable that the extension and pressure of the infratentorial SDH may have directly perforated the ependyma of the suprapineal recessus \[[Figure 3](#F3){ref-type="fig"}\]. If the bleeding spot was adjacent to the suprapineal recessus, it could be speculated that the direct pressure of the SDH would be large enough to perforate the suprapineal recess, with a large hematoma extending into the ventricles. This is a possible reason why the density of the IVH was greater than that of the SDH at the initial CT scan. While our hypothesis was not proved and the possibility of the simultaneous occurrence of IVH and SDH cannot be completely excluded, when the etiopathogenesis of IVH cannot be defined clearly on conventional axial CT scans, multi-directional and multi-modal neuroimaging may be recommended.\[[@ref10]\]

![A schematic drawing of our hypothesis concerning the IVH development in this case. Infratentorial SDH, which occurred owing to injury of bridging veins (indicated with x) from the straight sinus (SS) near the suprapineal recessus. The ependyma of the suprapineal recessus was perforated below the entry of ICVs (bold black arrow) and thus IVH (indicated with bold black arrow) developed in the 3^rd^ ventricle (III), the bilateral lateral ventricle (LV), and the 4^th^ ventricle (IV)](SNI-8-266-g003){#F3}

The outcome of the infratentorial SDH depends on the parenchymal and brainstem involvement.\[[@ref4][@ref7]\] When the infratentorial SDH is massive, the large hematoma extends to the cerebellar parenchyma, compressing the 4^th^ ventricle and the brainstem.\[[@ref4][@ref7]\] In the present case, no parenchymal or brainstem involvement were observed because the infratentorial SDH probably drained into the ventricles through a perforated suprapineal recessus. Because a VP shunt successfully controlled the patient\'s post-IVH communicating hydrocephalus, her prognosis is expected to be good.
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